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ABSTRACT

The adult seastar is an ideal model for study of phagocytosis and inflammation.

The behavior of the circulating amebocytes responsible for phagocytosis and clump-

ing can be directly observed in the coelomic fluid circulating in the transparent

papulae of the limbs. Intracoelomic injection of an autologous amebocyte extract

induces temporary, reversible, clumping and adherence of amebocytes. Injected,

foreign, red-pigmented sea urchin amebocytes are phagocytosed by seastar ame-

bocytes which then form clumps in the tips of the papulae and traverse to the

external surface through penetrating lesions. Successive injections may cause acute

inflammation and edema. During the acute inflammatory response, a substance(s)

is released in-to the coelomic fluid which stimulates the urn cell complex of Sipun-
culus nudus to secrete mucus in vitro; the substance disappears from the fluid by
24 hours. A spontaneous ciliate infection of seastar testes causes failure of the

infected animal's amebocytes to clump on glass or plastic. Seastars recognize foreign

grafts, but the role of amebocytes in the rejection has not been shown to be explicit.

In the separate water vascular system of seastars, a secondary inflammatory re-

sponse (amebocyte clumping) is induced by injections of bacterial suspensions and

by repeated injection of sea urchin amebocytes into the coelom. Heavy exposure
of seastars to ciliate populations induces appearance of a lysin which is not derived

from circulating cells.

INTRODUCTION

Although Metchnikov** (1892) first tested his basic idea concerning phago-

cytosis and inflammation in seastar larvae, the mature seastar has been used only

sporadically as an experimental animal for the study of inflammation. It is the

purpose of this informal review to describe some recent experiments which show

that inflammatory changes may be easily followed in the transparent papulae of

the adult seastar. Unique changes in macrophage (amebocyte) behavior are also

induced by spontaneous disease in the adult animal.

In the years following Metchnikoffs observations of spontaneous phagocytosis

of diatoms and debris by Bipinnaria larvae (Metschnikoff, 1883) and the famous

Abbreviation: MSS, mucus-stimulating substance.
* This article is based on a paper presented at the Symposium on Phagocytosis Past and Future,

at Messina (Italy), 22-27 September 1 980, and the seastar section of a paper prepared for the Symposium
on Immune Reactions to Parasites, at Mainz (Germany), 7-11 October 1981.

** For the spelling of the name Metchnikoff, each of the original references was used.

Editor's Note: Following solicitation of an article in the area of invertebrate pathobiology, Dr. Bang
submitted a draft outline of this paper for the Editor's consideration. After Dr. Bang's untimely death

on October 3, 1981, Mrs. Betsy Bang prepared the formal manuscript for publication.
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experiment with the rosethorn (Metchnikoff, 1905), there were apparently very
few further pathological studies on seastar larvae. Metalnikov and Rapkine (1925)

reported in the Comptes Rendus that injection of India ink into 16-18 hour blastulas

of sea urchins (Paracentrotus lividus) was followed by phagocytosis of the ink 3-

4 hours later. Similar results were obtained with three species of bacteria, although
Vibrio cholerae killed these larvae. Since that time, embryologists have frequently
noted the ingestion of foreign material by larvae, but as far as I know there has

been no systematic study of these processes. The transparent two-day old Asterias

larva, which is capable of ingesting small clams (Mead, 1899) might be an ideal

subject.

In contrast to what has been done on the structure and physiology of echino-

derms (Cuenot, 1948; Hyman, 1955; Boolootian, 1966), there is only a scattering

of information on pathological changes in the adult seastar. Within this context,

we will describe the three circulatory systems of Asterias which have been used

for experimental studies, and then describe different phenomena which directly

affect the circulating amebocytes found in the coelomic cavity and in the water

vascular system. In Metchnikovian terms, the transparency of intact animals is of

great advantage for continuous observation of changes in individual experimental

animals, and spontaneous infections offer visible insights into experiments of nature.

RESULTSANDDISCUSSION

The seastar as experimental animal

The phenomena which we have examined in adult seastars are: (i) reversible

clumping of the amebocytes in the papulae; (ii) normal clumping of the amebocytes
when they are placed on glass, and inhibition of this clumping in amebocytes taken

from seastars which have a natural ciliate infection in the testes (less frequently
in the ovaries); (iii) recognition of foreignness of experimentally injected material

followed by phagocytosis and emigration of phagocytosed material through the

papulae; and (iv) rejection of foreign grafts, either of the hepatopancreas or of the

skin. In all cases, the amebocyte is probably involved, but lytic factors have also

been demonstrated under certain conditions.

Two important precautions are essential in working with adult seastars exper-

imentally. First, animals must be healthy. Stars that have been dragged across the

sea bottom on a mop during dredging lose a great deal of surface skin and usually
have marine bacteria circulating within the coelom; many will subsequently au-

totomize one or more limbs (Bang and Lemma, 1962). Therefore, the animals must
be collected by hand. In the Woods Hole area, Asterias forbesi can be handcollected

by divers. In northern France, Asterias rubens can be collected directly off rocky
mussel beds at low tide. The coelomic fluid of healthy animals is free of bacteria,

and clumping is absent from the papulae.

Secondly, transparency varies with the species and age of an animal. Asterias

forbesi which weigh 50 g or more do not have transparent feet, but in 6-10 g stars

circulating cells are readily seen as they are driven by the internal cilia in the

papulae and the feet. Present-day dissecting microscopes, with intense, relatively

cold, lights, reveal to the practiced observer a wealth of circulating cells rushing

through these respiratory and excretory papulae and feet.

/. Anatomy

For the present purpose, a review of only the simplest aspects is necessary. A
cross-section of a limb shows the papulae emerging all over the surface, predom-
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FIGURE 1. Cross-section of a seastar.

inantly on the dorsal or aboral surface (Fig. 1). These have a layer of epidermal
cells and endodermal cells, both of which are ciliated, and a mesenchymal layer

which contains contractile muscle cells. The papulae may be contracted or relaxed

either in response to their own muscular action or to the general pressure of the

body wall. Wehave often seen a general collapse of the usually distended papulae
of a 10 g seastar immediately after a second injection of a foreign substance such

as ciliate-infected crab blood, or sea urchin blood. In extreme cases, the change
in pressure pulls the inverted papulae into the coelomic cavity. The papulae may
also be grossly distended during edema. The coelomic fluid of normal Asterias

contains only one type of cell, the petaloid cell, which circulates everywhere in

response to both muscular movements of the whole arm and the constant directional

beating of the cilia. The water vascular system is separate. Injection of particulates,

such as India ink or carmine powder, into the coelom is not followed by their

appearance in this second system. Even dyes, such as Evans' blue (Noble and

Gregerson, 1946), penetrate from the coelom into the feet only after a number of

days, and some of this may be by cell transfer. The third system, the axial organ
and the hemal canals, is less well understood and reference to their role in pathology
will be incidental.

//. Responses to injury

The use of natural responses to injury or infection among invertebrates was a

hallmark of Metchnikoffs work on invertebrates. Not only was the yeast infection

of Daphnia (Metschnikoff, 1884) studied extensively, but even during the original

study of the metamorphosis and development of seastar larvae, he was careful to

pay attention to the presence of foreign material that had been ingested by the

larvae during their residence in the sea (Metschnikoff, 1883).
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TABLE I

Prevalence of non-clumping amebocytes among Asterias during summer 1976.

Month/date
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FIGURE 2. Clumping of amebocytes from individual stars on glass.

it is the direct cause of the abnormal behavior of these cells. Recovery from infection

and return to normal glass-induced clumping frequently occurs within 10 days to

2 weeks (Taylor and Bang, 1978; Bang and Childs, unpublished) (Fig. 2).

The remarkable failure of the amebocytes to react to glass needs extensive

study. While normal amebocytes begin to form clumps with each other within less

than a minute after exposure to glass or plastic surfaces, cells from infected animals,

whether obtained from the coelomic cavity or the water vascular system, remain

unreactive (Fig. 3a,b,c). After centrifugation into a pellet, they can be readily

resuspended by shaking and may be washed several times and even transferred into

normal coelomic fluid without losing their abnormal surface properties. They do,

however, gradually settle on the surface of a glass slide, and do ingest foreign

material such as carmine or sea urchin cells injected into the coelomic fluid. How-

ever, the secondary reaction of sticking to each other is apparently inhibited com-

pletely. There seems to be a relation between heavy infections and the presence of

the ciliates in the coelomic fluid. The similarity between amebocytes and mam-
malian platelets (Levin and Bang, 1964), noted at the turn of the century (De-

khuyzen, 1901; Loeb, 1902), is a still unexploited challenge for investigation of the

surface properties of these cells.

///. Inflammation

A recent review by Ryan and Majno (1977) defined inflammation as a response

of living tissue to local injury that leads to the local accumulation of blood cells

and fluid. The overall process, seen against the broad perspective of evolution, is

useful since its primary function is doubtless that of defense against microscopic

invaders. Metchnikov (1892) in his "Lectures on the Comparative Pathology of
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FIGURE 3. (a): Blood from a normal seastar forming a tight clump of amebocytes when exposed
to glass, (b): Blood from a ciliate-infected seastar failing to clump on exposure to glass, (c): Individual

amebocytes from ciliate-infected star showing normal petaloid form. (Nomarski optics) [Courtesy Dr.

K. Edds.]
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Inflammation'' defined inflammation in terms of phagocytosis. At about this same

time, when there was considerable interest in the excretion of foreign substances

by invertebrates, Durham (1888) studied the emigration of ink-laden amebocytes
from the seastar through the transparent papulae.

A. Response to sea urchin blood cells. We found that injection of sea urchin

blood cells into the seastar was also followed by clumping of the urchin cells into

cell plugs which appeared at the tips of the papulae 4-10 hours after injection

(Reinisch and Bang, 1971). There was a concomitant marked reduction in the

number of circulating host amebocytes, an effect that could be transferred to other
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3) Responses to single and multiple injections. Sequential study of individual

animals showed that reaction to one injection of urchin cells was mild and usually

cleared in 2-3 days (Fig. 4), that several injections were followed by greatly in-

creased numbers of plugged papulae (Fig. 5), and that the plugged papulae would

be resolved in two ways: (i) by passage through the wall of the papulae, leaving
behind a hole if the mass of migrating cells was removed, and (ii) through gradual

break-up within the papulae. The latter process occurred at a later time. The

phenomenon was more easily followed over time in stars injected with carmine, in

which circulating cells containing carmine were found as late as 4 weeks after

injection.

Because of its poor adsorption to living tissue, Evans' blue dye (Noble and

Gregerson, 1946) is used for determination of blood volume in mammals and for

identifying localized areas of inflammation. Exposure of intact seastars for 20

minutes to a 1:1000 seawater dilution was followed by metachromatic purple stain-

ing of the feet and by blue localization wherever there had been external trauma

to the skeletal spines (paxillae) and their covering epithelium. In 2 of 10 stars that

were injected with urchin cells, both showed extensive diffuse staining of the aboral

papulae of one limb (? the injected limb), but the other eight showed localized

staining of papulae in which clumping and plugging were occurring. When 0.5 ml

of this same concentration of the dye was injected into the coelomic cavity of

normal stars, the dye remained within the cavity for a number of days, and several

interesting events followed. During the first day, the dye gained entrance to the

water vascular system but did not stain the feet purple. It was first picked up by

circulating amebocytes in the papulae, then slowly by clumps of amebocytes in the

feet. In addition, within one day the inner layer of the papulae stained blue and

the inner and outer layer of the papulae seemed to separate, so that a cast of the

inner layer became retracted from the outer wall of the papulae. By 3 days, the

two epithelia rejoined and repaired.

4) Water vascular system. As stated earlier, the water vascular system is sep-

arate from the coelomic cavity. Yet some years ago we had seen, in the more

transparent Asterias rubens, that injection of bacterial suspensions into the coelom

was followed by typical tight clumping of the amebocytes within the antennae and/
or feet (Bang, 1975). Clumps occurred at any place along the channel, but did not

penetrate through the epithelium. Thus they could be considered a secondary result

of the inflammatory process in the coelom. It is quite possible that the effect was

mediated through the secretion of a neurohormonal product by the diffuse neural

network. This clumping within the water vascular system was seen only occasionally

following a single injection of urchin cells, but was frequently seen with the more

extensive inflammation produced by several injections (Fig. 6).

5) Hemal system. The texts on echinoderm physiology refer to a third vascular

system: a hemal system which seems to include the axial organ. According to

Nichols (1969): "In the asteroids it is apparently not possible to distinguish a

separate axial hemal system from the axial organ the two seem to be one structure.

This lies to one side of the stone canal. . . ." The similarity of the axial organ to

the spleen was emphasized by Cuenot (1948), and more recently by Leclerc (1973,

1974). Millott (1966) has shown that destroyed cells are deposited in the axial

organ of sea urchins. Wehave repeatedly dissected out this organ in the seastar

following injection of foreign material, such as ciliate suspension or urchin cells,

and have failed to detect any change in it. A recent paper (Kaneshiro and Karp,

1980) suggests that Tiedemann's bodies, which are outpouchings of the ring canal,

may also participate in "immune reactions."

B. Other responses of seastars. I) Edema. Edema is a well recognized com-
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FIGURE 6. Clumps of amebocytes (see arrows) forming within extended feet of Asterias.

ponent of inflammation in vertebrates. It is much harder to define in invertebrates.

However, an edema-like phenomenon (Bang and Lemma, 1962) did occur in this

study, usually in the injected limb. From the calcareous spiny skeleton of the seastar,

a series of separate spines (paxillae) project. These take a variety of forms, and

along with the pedicellaria (small pincers) are covered by a thin transparent epi-

thelium. This is usually fairly closely adherent to the skeleton and the spines, but

when fluid accumulates between the skeleton and the epithelial layer, there is a

ballooning of this epithelium over the paxillae so that individual spines are hidden.

The response can also be easily recognized in the lateral spines on the oral surface

of the individual arms. Wehave not been able to quantitate the response, but its

gross presence was inescapable. It occurred in 5 of 14 animals in the first series,

and more frequently in multiply injected animals. It occurred in the injected limb

in 3 of 4 animals injected after a rest period of 1 1 days, and persisted for more
than 48 hours.

2) Evocation of mucus-secretory substances. If this partially simplified model
of inflammation is to be of any value in comparative studies, then it should mimic
some of the other characteristics of vertebrate inflammmation. Inflammation of

mucous membranes in vertebrates is usually accompanied by increased mucus se-

cretion. During the last ten years, we have been interested in an invertebrate system,
the urn cell complex of the coelomate Sipunculus nudus, which swims freely in

the coelom and excretes mucus when bacterial infection occurs. These cell com-

plexes can also be stimulated to secrete mucus in vitro, and we found that several

mammalian sera and secretions contained mucus-stimulating substances (MSS)
(Bang and Bang, 1972, 1979). In the summer of 1980, we found that seastar

coelomic fluid normally contained no MSS, but that immediately following the

injection of urchin cells into the seastar, a high titer of MSSappeared and persisted
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as long as 24 hours (Fig. 7). This was accompanied by, or perhaps caused by, the

destruction of the urchin cells. It will now be of great interest to determine whether

the appearance of MSS is accompanied by abnormal secretion of mucus in the

seastar itself.

3) Graft rejection is commonly used by vertebrate immunologists to study im-

munologic reactions to various histocompatibility antigens. Graft rejection is well

known among invertebrates, and the work of Theodor (1966, 1970), who showed

that the branches of one sea fan are rejected by those of another, is a classic

instance of recognition of self and non-self. However, much of the work on inver-

tebrates has been unduly influenced by the standard knowledge of vertebrate im-

munity. Among the echinoderms, Brusle (1967) first showed that a skin graft could

be transferred and maintained for months thereafter. Ghiradella (1965) showed

that the implantation of the caecum of homologous species into Asterias and Patiria

was followed by retention of the implant at least 1-5 weeks, but that heterologous

species (actually different genera) eliminated the foreign tissue, either through the

dermal brachiae (papulae) or possibly through the host stomach. Although host

amebocytes occurred in numbers around damaged tissue, much of the tissue de-

struction seemed to occur in their absence. Hildemann and Dix (1972) and Karp
and Hildemann (1976) have studied skin graft rejection in other seastars (Proto-

reaster and Dermasterias) and in a sea cucumber, Cucumaria tricolor. They also

found that control integumentary autografts remained viable but that there was
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slow, complete rejection of first-set heterologous grafts. To determine the specificity
and memory in these graft rejections, they compared persistence in 17 first-set

(213d), 5 second-set (44d), and 4 third-set (8d) grafts. Third party grafts were

given to 5 animals, and 1 1 of these persisted longer than did the second party

grafts. However, the series involved too few animals, and too little presently avail-

able histological detail, to evaluate the degree to which specificity and memory are

linked, and thus to judge the possible similarity to the vertebrate system. Coffaro

and Hinegardner (1977) have shown a genetic component to be important in graft-

ing among sea urchins.

It is interesting in this regard to compare the capacity of ascidians to reject

grafts by failing to fuse when grafted together. This system was extensively studied

by Oka (1970) and Tanaka and Watanabe (1973). Fuke (1980) later found a

counterpart reaction in which amebocytes killed each other on contact.

IV. Responses to ciliate infection

A. Background. In an early study (Bang, 1966), we found that a strong lysin

against the marine ciliate Anophrys appeared in the serum of the marine worm
Sipunculus nudus either during a spontaneous pox disease of S. nudus or after

injection of foreign material into the animal. The S. nudus lysin was routinely
effective against Anophrys in vitro. The sources of Anophrys were naturally infected

Carcinus or Cancer crabs native to Roscoff in Brittany.
When seastars were injected with the blood of Anophrys-infected crabs, the

parasite was effectively cleared from the coelom by 6 hours, and after subsequent

injections was both cleared and lysed by 0.5 hours (Bang, 1975).
B. Newfindings. In 1981, however, we found that the rapidity of clearance and

lysis of Anophrys after initial infection was directly related to previous exposure
to marine ciliates. The first seastars used in the summer of 1981 were taken from
a large stone aquarium in which a number of echinoderms were dying and were

releasing a variety of marine ciliates into the running seawater. Nearly all of the

seastars from this tank killed injected Anophrys within an hour or less. Removal
of living stars to fresh running seawater for some weeks did not change this response.

Only when seastars were newly collected by careful removal from mussel beds by
hand, did we again routinely find animals which responded slowly.

Attempts to achieve lysis in vitro when Anophrys were added to coelomic fluid

of stars that were strongly lytic in vivo consistently failed. This raised the question
whether in vivo lysis was due to factors of fixed-tissue origin. The tip of an arm
of a "lytic" star was cut off, carefully washed free of hepatopancreas and circulating

cells, and placed in an open, plastic, minicentrifuge tube in a seawater bath. Fluid

from the inside of the arm was then sampled periodically with a non-wettable

plastic micropipet and placed on a slide. When Anophrys were added to this cell-

free fluid, the ciliates were continually lysed (Bang, in press). The phenomenon was
then comparatively tested and confirmed in tips of arms from clean and from other

"contaminated" stars.

To summarize the lysin story: Freshly collected, previously uninjected, seastars

take 6 or more hours in vivo to clear populations of injected Anophrys from the

coelom. Destruction and lysis of these same ciliates occur in vivo within half an

hour in animals injected the previous day, and in stars which are maintained under
contaminated conditions. "Contamination" includes exposure to other ciliates

(Groliere et al., 1980), some of which infect the internal lining epithelium. In vitro

lysis occurs in recently extirpated tips of arms that have been thoroughly washed
of circulating cells, and seems to occur much more rapidly in those from "im-

munized" animals. The nature of the lysin, which in turn includes some autolysins,
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is unknown. The Sipunculus lysin is known to be a molecule of 250,000 daltons

(Bang and Shin, 1981).
A lysin for a variety of cells is liberated from seastars by heating the stars to

75C (Bang and Chaet, 1959), but this may be related to the presence of saponins
in seastar tissue (Owellen el al., 1973).

CONCLUSIONS

Wenow know that despite the rather limited information on natural disease

processes of marine invertebrates, the sea is a rich source of disease agents, each
with different potentials for diseases in different hosts. Kinne (1980) points out

that the more a particular species is studied, the more agents are found. These
diseases will probably increase because of the current mixing of different animals

from all parts of the world, either purposefully to develop disease-resistant stock,

or inadvertently by transport of local species for improving commercial yields, or

for study.

Although there remain many exciting, unexplored possibilities for the study of

inflammation, injury, disease and immune responses in adult seastars, we must
remember Libbie Hyman's (1955) preface to her volume on the echinoderms: "I

also here salute the echinoderms as a noble group especially designed to puzzle the

zoologist."

ACKNOWLEDGMENT

The help of Mrs. Hermine Bongers in preparing this manuscript is gratefully

acknowledged.

LITERATURE CITED

BANG, B. G., ANDF. B. BANG. 1972. Mucous hypersecretion induced in isolated mucociliated epithelial

cells by a factor in heated serum. Am. J. Pathol. 68: 407-417.

BANG, B. G., ANDF. B. BANG. 1979. Mucuos-stimulating substances in human body fluids assayed in

an invertebrate mucous cell system. Johns Hopkins Meet. J. 145: 209-216.

BANG, F. B. 1966. Serologic response in a marine worm, Sipunculus nudus. J. Immunol. 96: 960-972.

BANG, F. B. 1975. A search in Asterias and Ascidia for the beginnings of vertebrate immune responses.

Ann. N. Y. Acad. Sci. 266: 334-342.

BANG, F. B. 1982. Immune reactions of marine invertebrates. Prog. Zoo/., and Zentralblatt Bakteriol.

Parasitenk. In press.

BANG, F. B., ANDA. B. CHAET. 1959. The effect of starfish toxin on amebocytes. Biol. Bull. 117: 403-

404.

BANG, F. B., ANDA. LEMMA. 1962. Bacterial infection and reaction to injury in some echinoderms. J.

Insect Pathol. 4: 401-414.

BANG, F. B., AND H. S. SHIN. 1981. A lytic molecule active against a ciliate during a transmissible

disease of Sipunculus nudus. Biol. Bull. 161: 98-103.

BOOLOOTIAN, R. A. 1966. Physiology of Echinodermata. A Collective Effort by a Group of Experts.
Interscience Publ., New York.

BRUSLE, J. 1967. Homogreffes et heterogreffes reciproques du tegument et des gonades chez Asterina

gibbosa pennant et Asterina pancerii gasco. Cahiers Biol. Mar. 8: 417-420.

CEPEDE, C. 1910. Recherches sur les infusoires astomes. Anatomic, biologic, ethologie parasitaire,

systematique. Arch. Zoo/. Exp. Gen. (5e ser.) 3: 341-609.

CHILDS, J. N., III. 1970. Failure of coelomocytes of some Asterias forbesi to clump on glass. Biol. Bull.

139: 418.

COFFARO,K. A., ANDR. T. HiNEGARDNER.1977. Immune response in the sea urchin Lytechnius pictus.

Science 197: 1389-1390.

CUENOT, L. 1948. Anatomic, ethologie et systematiques des echinodermes. In Grasse, P. P., Ed., Traite

de Zoologie, Vol. 11. Masson & Cie, Paris, pp. 1-272.

DEKHUYZEN,M. C. 1901. Ueber die Thrombocyten (Blutplattchen). Anat. Anz. 19: 529-540.

DURHAM,H. E. 1888. On the emigration of amoeboid corpuscles in the starfish. Proc. Roy. Soc. Lond.

B 43: 327-330.



148 FREDERIK B. BANG

FUKE, M. T. 1980. "Contact reactions" between xenogeneic or allogeneic coelomic cells of solitary

ascidians. Biol. Bull. 158: 304-315.

GALTSOFF, P. S., ANDV. L. LOOSANOFF. 1939. Natural history and method of controlling the starfish

(Asterias forbesi Desor). Bull. Bureau Fisheries 31: 75-132.

GHIRADELLA, H. T. 1965. The reaction of two starfish, Patiria miniata and Asterias forbesi, to foreign

tissue in the coelom. Biol. Bull. 128: 77-89.

GROLIERE, C. A., P. DE PUYTORAC,ANDJ. GRAIN. 1980. Observations de quelques especes de cilies

endocommensaux d'echinides due Golfe due Mexique et de la Mer des Antilles. Protistologica

16: 233-239.

HILDEMANN, W. H., ANoT. G. Dix. 1972. Transplantation reactions of tropical Australian echinoderms.

Transplantation 14: 624-633.

HYMAN, L. H. 1955. The Invertebrates. IV. Echinodermata. McGraw-Hill, New York.

KANESHIRO, E. S., ANDR. D. KARP. 1980. The ultrastructure of coelomocytes of the seastar Dermas-

terias imbricata. Biol. Bull. 159: 295-310.

KARP, R. D., ANDW. H. HILDEMANN. 1976. Specific allograft reactivity in the sea star Dermasterias

imbricata. Transplantation 22: 434-439.

KINNE, O. 1980. Diseases of Marine Animals. I. General Aspects, Protozoa to Gastropoda. John Wiley,

Somerset, N. J.

LECLERC, M. 1973. Etude ultrastructurale des reactions d'Asterina gibbosa (Echinoderme, Asteride)

au niveau de Torgane axiale apres injection de proteines. Ann. Immunol. (Inst. Pasteur) 124C:

363-374.

LECLERC, M. 1974. L'organe axiale et ses relations avec la sexualite et rimmunite chez les asterides.

Annales des Sciences Naturelles Zoo/. 12 ser. 16: 285-360.

LEVIN, J., AND F. B. BANG. 1964. A description of cellular coagulation in the Limulus. Bull. Johns

Hopkins Hosp. 115: 337-345.

LOEB, L. 1902. The blood lymph cells and inflammatory processes of Limulus. J. Med. Res. 2: 145-

158.

MEAD, A. D. 1899. The natural history of the star-fish. Contrib. Biol. Lab. U. S. Fish Commission 19:

203-225.

METALNIKOV, S., ANDRAPKINE. 1925. La phagocytose et rimmunite chez les blastula et gastrula des

oursins. Comptes Rendus Acad. Sci. 181: 437-439.

METCHNIKOFF, E. 1905. Immunity in Infectious Diseases. The University Press, Cambridge.

METCHNIKOV, E. 1982. Lecons sur la Pathologie Comparee de I' Inflammation. G. Masson, Paris.

Translation by F. A. Starling and E. H. Starling: Lectures on the Comparative Pathology of

Inflammation. Dover Publications, Inc., New York, 1968.

METSCHNIKOFF, E. 1883. Untersuchungen iiber die intracellulare Verdauung bei wirbellosen Thieren.

Arbeiten Zool. Inst. Wien 5: 141-155.

METSCHNIKOFF, E. 1884. Ueber eine Sprosspilzkrankheit der Daphnien. Beitrag zur Lehre iiber den

Kampf der Phagocyten gegen Krankheitserreger. Virchow's Arch. Pathol. Anal. 96: 177-195.

MILLOT, N. 1966. A possible function for the axial organ of echinoids. Nature 209: 594-596.

NICHOLS, D. 1969. Echinoderms. 4th ed. Hutchinson University Library, London, p. 41.

NOBLE, R. P., AND M. I. GREGERSON.1946. Blood volume in clinical shock. J. Clin. Invest. 25: 158-

171.

OKA, H. 1970. Colony specificity in compound ascidians. The genetic control of fusibility. In Yukawa,
H., Ed., Profiles of Japanese Science and Scientists. Kodansha, Tokyo. Pp. 196 206.

OWELLEN,R. J., R. G. OWELLEN,M. A. GORAG,ANDD. KLEIN. 1973. Cytolytic saponin fraction from

Asterias vulgaris. Toxicon 11: 319.

REINISCH, C. L. 1974. Phylogenetic origin or xenogeneic recognition. Nature 250: 349-350.

REINISCH, C. L., ANDF. B. BANG. 1971. Cell recognition: Reactions of the sea star (Asterias vulgaris)

to the injection of amebocytes of sea urchin (Arbacia punctulata). Cell Immunol. 2: 496-503.

RYAN, G. B., ANDG. MAJNO. 1977. Acute inflammation A review. Am. J. Pathol. 86: 185-278.

SMITH, G. F. M. 1936. A gonad parasite of the starfish. Science 84: 157.

TANAKA, K., ANDH. WATANABE. 1973. Allogeneic inhibition in a compound ascidian, Botryllus pri-

migenus Oka. I. Processes and features of "nonfusion" reaction. Cell Immunol. 7: 410-426.

TAYLOR, C. E., ANDF. B. BANG. 1978. Alteration of blood clotting in Asterias forbesi associated with

a ciliate infection. Biol. Bull. 155: 468.

THEODOR,J. 1966. Contribution a Tetude des Gorgones. V. Les greffes chez les Gorgones. Bull. Inst.

Oceanog. 66: 1-8.

THEODOR,J. L. 1970. Distinction between 'self and 'not-self in lower invertebrates. Nature 221: 690-

692.

VEVERS, H. G. 1951. The biology of Asterias rubens L. II. Parasitization of the gonads by the ciliate

Orchitophyra stellarum Cepede. J. Mar. Biol. Assoc. 29: 619-624.


